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Description 


[0001] The present invention relates to filter assem- 
blies which may be used, for example, to remove partic- 
ulates from high temperature fluids. 5 
[0002] Tube type filters are typically used in industrial 
processes for purifying fluids in either the gaseous or 
liquid phase. Typical applications include, but are not 
limited to, coal gasifiers. fluidized bed combustors. 
smelters, and catalytic crackers. 10 
[0003] As disclosed in United States Patent 
4.725.356. conventional tube-type filters generally com- 
prise a tank or pressure vessel which is divided into an 
Inlet portion and an outlet portion by a relatively rigid 
support member called a tube sheet. The tube sheet is 
preferably forms a fluid tight seal between the inlet por- 
tion and the outlet portion and typically has a series of 
holes or apertures spaced from one another. Filter ele- 
ments are mounted in the apertures of the tube sheet. 
[0004] One type of conventional filter element is made 20 
of a porous ceramic material and is commonly referred 
to as a candle filter. Candle filters are particularly effec- 
tive in removing particulates from high pressure, high 
temperature gases. A candle filter typically comprises a 
hollow, cylindrical tube that may have a narrow, elon- 2s 
gated cross section, for example, a diameter in the 
range of 5-1 7cm, and a length in the range of 0.1 -3.0 m. 
The hollow tube typically has one end which is closed, 
one end which is open, and a porous, ceramic side wall. 
The porous side wall extends between the ends of the 30 
tube and defines an internal cavity that opens at the 
open end of the tube. The open end of the tube usually 
has a flange. 

[0005] In a typical arrangement, one oc more filter ele- 
ments are arranged vertically inside the tank. Each filter 35 
element is inserted through an aperture in the tube 
sheet and is normally positioned such that the porous 
side wall and the closed end are located in the inlet por- 
tion of the tank while the flange of the tube is mounted 
to the tube sheet with the open end of the filter element 40 
communicating with the outlet portion of the tank. The 
flange has a larger diameter than the side wall of the fil- 
ter element and allows the filter element to be located in 
and suspended by the tube sheet A gasket material 
may be disposed between the flange and the tube sheet 45 
to form a seal and prevent bypass of unffltered process 
fluid. A mechanism for clamping the filter elements 
against the tube sheet to secure the filter elements in 
position and maintain the seal is also provided. An 
arrangement of this kind is shown in DE-U-9014198. A so 
similar anangement is shown in EP-A1-0446422. 
[0006] With tine filter elements mounted in place, a 
fluid, such as a gas laden with particulates, is intro- 
duced into the inlet portion of the tank. From the inlet 
portion, the gas passes through the porous wall of each ss 
filter element, where the particulates are removed from 
the gas. and into the internal cavity. The filtered gas 
then passes axially along the internal cavity of the filter 


elements and Into tiie outiet portion. As the fluid passes 
through the porous walls of the filter elements, particu- 
lates accumulate on the upstream side of the filter ele- 
ments. With time, the particulates build up on the 
upstream side and form a particulate cake. The build-up 
of the particulate cake prevents fluid flow and. therefore, 
aeates the need for the filter elements to be cleaned or 
replaced periodically. 

[0007] One particularly effective method of cleaning 
the filter elements is by using a high pressure reverse 
gas flow. For example, cleaning may be accomplished 
by mounting a reverse cleaning fluid nozzle in dose 
proximity to the open end of the filter element A high 
pressure fluW (e.g.. inert gas, air, or steam) is injected 
into the filter element in the reverse direction of normal 
fluid flow. The high pressure cleaning fluid is rapidly 
turned on and off to create a high pressure pulse in the 
tjack flow direction, dislodging the particulate cake 
formed on the upstream side of the filter elements. 
[0008] Unfortunately, conventional tube-type filters are 
susceptible to a number of problems. Stress from 
improper clamping, mechanical vibrations, uneven con- 
tours on tiie filter surface or support, and tiiermal shock 
may result in damage to the filter element or leakage 
through the gasket. Back flow cleaning may introduce 
thermal shock to tiie filter elements if the high pressure 
reverse flow fluid is not at tiie same temperatijre as the 
filter elements. In addition, the use of a high pressure 
back flow cleaning pulse generates vibrations and 
mechanical sti-ess on the filter elements. In candle fil- 
ters, a common failure mode is cracking at the flange 
due to stress. 

[0009] In addition, the tube sheet and the clamping 
mechanism are typically constructed using a metal 
alloy, while tiie filter element is typically construed of a 
ceramic material. Because ceramics typically have a 
much lower tiiermal coefficient of expansion than metal 
alloys, the ceramic filter elements and tiie metal tube 
sheet and clamping mechanism may expand at different 
rates due to temperature changes. These differing rates 
of thermal expansion can result in a reduction of tiie 
clamping force and leakage past the seal. 
[0010] Accordingly, the present invention provides a 
filter assembly comprising a sealing device having first 
and second surfaces, a compressible material and a fil- 
ter element, the filter element having a coefficient of 
tfiermal expansion lower than the coefficient of thermal 
expansion of tiie sealing device, characterized in tiiat a 
first surface of the filter element, having the lower coef- 
ficient of thermal expansion, surrounds the first surface 
of the sealing device with the compressible material dis- 
posed tiierebetween and a second surface of the filter 
element faces the second surface of tiie sealing device 
with the compressible material disposed tiierebetween. 
the compressible material being compressed between 
the second surfaces at a first predetermined tempera- 
ture, and the differing coefficients of tiiermal expansion 
combining witii an increase in temperature of the filter 
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assembly to a second predetermined temperature, 
higher than the first predetermined temperature, to 
compress the compressible material between the first 
surfaces, for forming a seal at both the first and second 
predetermined temperatures. 5 
[001 1 ] Embodiments of the present invention thus use 
an entirely different mechanism from the conventional 
devices to maintain a seal: the sealing device and the fil- 
ter element may have different coefficients of thermal 
expansion and these different coefficients of thermal 10 
expansion may be used advantageously to inaease the 
reliability, effectiveness, and efficiency of a seal. A prin- 
cipal advantage of the present invention is that a filter 
element is effectively sealed within a filter assembly. 
[0012] Another principal advantage of the present is 
invention is that the stress at the flange of the filter ele- 
ment is greatly reduced. 

[001 3] Additional advantages of the present invention 
include sealing the filter element throughout the entire 
range of operating temperature of the filter assembly; 20 
providing multiple sealing surfaces to enhance reliabil- 
ity; providing a sealing mechanism which also functions 
to inaease the efficiency of back flow cleaning. 

Figure 1 is a sectional view of a first embodiment of 25 
a filter assembly device according to the present 
invention; 

Figure 2 is a sectional view showing the details of 
the sealing device employed in the filter assembly 
of Figure 1; 30 
Figure 3A is a top view of the sealing device of Fig- 
ure 2; 

Figure 3B is a side view of the sealing device of Fig- 
ure 3A; 

Figure 4 is a sectional view of a second emkxxli- 35 
ment of a filter assembly according to the present 
invention; and 

Figure 5 is a sectional view showing details of a 
third embodiment of a filter assembly according to 
the present invention. 40 

[0014] Referring to Figure 1. a first exemplary filter 
assembly 1 embodying the present invention generally 
comprises a pressure tank 2, a rigid sheet or tube sheet 
3 extending across the interior of the tank, one or more 4s 
filter elements 4 disposed within the tank 2, and one or 
more sealing devices 5 for sealing the filter elements 4 
to the tube sheet 3. An inlet portion 6 of the pressure 
tank 2 may be sealed from an outlet portion 7 of the 
pressure tank 2 by the tube sheet 3. An inlet 8 may be so 
coupled to the inlet portion 6 for providing a fluid to the 
filter assembly 1 . An outlet 9 may be coupled to the out- 
let portion 7 for removing the fluid once it has passed 
through the filter elements 4. Optionally, a back flow 
cleaning system (not shown) can be provided for sup- ss 
plying a high pressure fluid In the reverse direction for 
cleaning the filter elements 4 and a cooling system (not 
shown) including coolant tubes can be provided in the 
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tube sheet to maintain the temperature of the tube sheet 
below a predetermined value. 
[0015] Each filter element 4 is preferably narrow and 
elongated. It may include a dosed or blind end. an open 
end, and a porous side wall. The side wall extends from 
the closed end to the open end and has an internal sur- 
face which defines a cavity that opens at the open end. 
The filter element 4 is preferably a filter constructed of a 
porous ceramic. The ceramic may be made of such 
compositions as Si3N4, mullite, cordierite (MgO, AI2O3, 
SiOa). fireclay, aluminosilicate fibers, alumina, alu- 
mina/mullite. and silicon carbide-based materials. In a 
preferred embodiment, a hollow, porous, ceramic can- 
dle filter is used as the filter element 4. 
[0016] Figure 2 illustrates a sectional view of the 
details of the location of the fitter element 4 in the tube 
sheet 3 of a first embodiment of the filter assembly 1 of 
Figure 1. In this embodiment, the filter element 4 is slid- 
ably inserted from the upper side of the tube sheet 3 
through a hole or aperture 1 1 in the tube sheet 3. The 
open end of the filter element 4 may include a flange 1 2 
which prevents the filter element 4 from passing com- 
pletely through the aperture 1 1 . The flange 12 may be 
at any suitable angle to an axis 28 of the filter element 

4. If the flange is at a right angle, the flange may engage 
the top of the tube sheet 3 or a lip formed in the wall 
defining the aperture 11. In the first embodiment, the 
flange 12 slopes upwardly at an acute angle and coop- 
erates with a corresponding locating profile 13. e.g.. an 
annular bevel, in the aperture wall. 

[001 7] In accordance with one aspect of the invention, 
a sealing device 5 is preferably utilized to seal the filter 
element 4 to the tube sheet 3. In the first embodiment, 
the sealing device 5 also functions as a hold-down ele- 
ment for securing each filter element 4 to the tube sheet 
3. The sealing device 5 may be fabricated as a single 
unitary piece or from two or more separate sections by. 
for example, machining, forming, stamping, or casting. If 
it is made from two or more separate sections, the sec- 
tions of the sealing device 5 may be joined together by 
various methods such as a welded, threaded, or press 
fit connection. Further, the sealing device 5 may be var- 
iously configured without departing from the scope of 
the invention. For exanrple. the illustrated sealing device 

5. as shown in Rgures 3-4, may include a flat planar or 
disk section 1 5 and a hollow cylindrical section 1 6 which 
are unitarily formed. In a preferred embodiment, it may 
be desirable for a planar bottom surface of the disk sec- 
tion 15 to have a larger diameter than the cylindrical 
section 16 and extend radially out beyond an outer sur- 
face 21 of the hollow cylindrical section 16. forming the 
bottom annular surface 20. 

[0018] The sealing device 5 includes an internal pas- 
sage 19 passing through the device from one open end 
to another. For example, in the illustrated sealing device 
5, the passage 19 extends axially through the hollow 
cylindrical section 16 and through the planar surface of 
the disk section 15. The configuration of the internal 
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passage 19 may or may not be arranged in such a man- 
ner as to act as a venturi or nozzle 1 7. The nozzle 1 7, or 
an alternative capillary Qet) configuration, can be used 
to increase the velocity of fluid flowing in the back flow 
direction and. thus, to enhance the blowback effective- 5 
ness when the filter elements 4 are cleaned. In an alter- 
native embodiment, it my be preferable for the internal 
passage 19 to be configured as a plurality of internal 
passages. At least one of these plurality of internal pas- 
sages may be formed into a nozzle, capillary, or jet con- 10 
figuration to provide a means for increasing back flow 
efficiency. In yet another embodiment, the internal pas- 
sage may simply be a cylindrical bore. 
[0019] Chemical corrosion may occur as a result of 
chemicals in the fluids processed through the filter is 
assembly. As a result, the sealing device 5 is preferably 
manufactured from a material which resists con-osion. 
for example, a high temperature, corrosion resistant, 
metal alloy such as RA333. available from Rolled Alloys 
of Temperance, Ml. 20 
[0020] The sealing device 5 is shown in Figure 2 as it 
might appear installed in a filter assembly 1 . The sealing 
device 5 is placed over the top of the filter element 4 
with the hollow cylindrical section 16 extending for some 
distance Into the internal cavity of the filter element 4. 25 
For exannple, the cylindrical section 16 of the sealing 
device 5 may extend into the internal cavity of the filter 
element 4 a distance at least as great as the thickness 
of the tube sheet 3. It may be desirable to position a 
compressible cushioning and/or sealing material 14 30 
between the filter element 4 and the tube sheet 3 and/or 
between the sealing device 5 and the filter element 4. in 
a prefened embodiment, the compressible material 14 
may be a high temperature gasket material, most pref- 
erably a ceramic fiber material such as that available 35 
from 3M Corporation under the trade designation 
Interam. 

[0021] In the illustrated embodiment, the compressi- 
ble material 14 is disposed between the filter element 4 
and the tube sheet 3 only at the portion of the tube 40 
sheet forming the locating profile 13. Of course, it is 
possible to have the compressible material 14 located 
over the entire area between the filter element 4 and the 
tube sheet 3. The openings in tiie tube sheet 3 may 
have portions tiiat closely match the profile of the outer 4s 
portion of the filter element 4 and, in particular, the 
flange 12. The compressible material 14 placed 
between the tube sheet and the filter element 4 acts to 
dampen any vibration which may be transferred to the 
filter element 4 from the pressure tank 2, so 
[0022] In a prefen-ed embodiment, it may be desirable 
to place the compressible material 14 between tiie disk 
section 15 of the sealing device 5 and the top of the filter 
element 4 as well as between tiie outside of the hollow 
cylindrical section 16 of tiie sealing device 5 and the ss 
internal surface of the filter element 4. The compressi- 
ble material 14 acts as a cushion and/or a sealing gas- 
ket. The compressible material 14 may also act to 



prevent uneven stresses from being generated in tfie fil- 
ter element 4 due to non-uniformities on tiie interacting 
surfaces of the filter element 4, the sealing device 5. 
and/or tiie tube sheet 3. The use of the compressible 
material 14 is particularly useful when the filter element 

4 is a ceramic material. A ceramic material has a much 
lower ductility, i.e., less of an ability to deform under 
stress before fracture. When two surfaces are in con- 
tact, tiie area of contact is typically the highest points on 
the two surfaces. As a compressive force is applied, 
because of tiie ductility of tiie materials in contact, tiie 
high points in contact deform and allow a progressively 
larger portion of the two surfaces to come in contact, 
thereby reducing the stresses at the points of contact. 
Ceramic has very low ductility and tends to concentrate 
stresses over the initial contact points. When a com- 
pressible material is used in tiie interface of two ceramic 
surfaces or a ceramic surface and a metallic surface, 
the stress distribution is significantiy improved. The use 
of the compressible material reduces tiie likelihood of 
fractures due to this stress. 

[0023] A preload force may be used to compress tiie 
compressible material 14 between tiie top of the filter 
element 4 and the bottom annular surface 20 of tiie 
hold-down disc section 15. The preload force should 
preferably be of a magnitude to sufficientiy compress 
the compressible material 14 to prevent fluid flow 
between the bottom surface 20 of the hold-down disc 
section 15 and the top of tiie filter element 4. The 
preload force may be maintained on tfie sealing device 

5 by securing the sealing device 5 to tfie tube sheet 3 by 
any suitable method, including some type of mechanical 
method or mechanism such as welding, bolting, thread- 
ing, latching, locking, or a pin-and-hole connection. The 
method of connection should be capable of withstand- 
ing vibrations and thermal shock resulting, for example, 
from pulse cleaning of the filter elements. In tfie illus- 
trated embodiment, the disk section 15 of tiie sealing 
device is welded to tfie tube sheet. The weW further 
functions as a seal preventing ttie fluid to be filtered 
from bypassing the filter element 4. 

[0024] In accordance with anottier aspect of the inven- 
tion, the sealing device 5 and tfie filter element 4 prefer- 
ably have different rates of thermal expansion and these 
different rates of thermal expansion effect a seal 
between the filter element 4 and tfie sealing device 5 
throughout the entire range of system temperatures. 
During start up or shutdown and at other times, the filter 
assembly is at relatively low temperature and pressure, 
e.g. atmospheric pressure and room temperature. A 
seal is then preferably maintained between tfie top of 
the filter element 4 and the disc section 1 5 of tfie sealing 
device 5 by compression of flie compressible material 
14 due to the compressive preload placed on tiie seal- 
ing device 5 during installation. 
[0025] On tiie other hand, operating temperature and 
pressure may be much higher. For example, the filter 
assembly 1 may be operated at a temperature of around 
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300''C to 1000''C and at a pressure of around 2 to 10 
atmospheres. Embodiments of the present invention 
preferably utilize a sealing device and a fitter element 4 
having different coefficients of thermal expansion and 
take advantage of the different rates of thermal expan- 5 
sion to further seal the filter element 4 to the sealing 
device at these elevated temperatures. For exannple, in 
a preferred embodiment, the sealing device 5 may be 
constructed from a metal alloy while the fitter element 4 
may be constructed from a ceramic. Ceramics typically 10 
have a much lower coefficient of thermal expansion 
than metals. Thus, as the temperature of the filter 
assembly 1 is increased during operation, the sealing 
device 5 may expand at a faster rate than does the f flter 
element 4 due to the different coefficients of thermal 15 
expansion of metals and ceramics. 
[0026] The increase in tenperature may result in a 
gradual increase in the relative distance between the 
top of the filter element 4 and the bottom surface 20 of 
the hold-down disc section 15. This may reduce the 20 
compressive force on the compressible material 14 
between the top of the filter element 4 and the bottom 
surface 20 of the hold-down disc section 15 and, 
thereby, reduce sealing efficiency However, although 
the sealing efficiency may be reduced between the top 25 
of the filter element 4 and the bottom of the hold-down 
disc section 15. the overall seating efficiency between 
the filter element 4 and the sealing device 5 is retained. 
[0027] The increase in temperature also results in the 
hollow cylindrical section 16 of the sealing device 5 30 
expanding radially at a faster rate than the fitter element 
4. This has the effect of reducing the clearance between 
the hollow cylindrical section 16 and the internal surface 
of the filter element 4. thus compressing the compress- 
ible material 14 and seating the cylindrical section 1 6 of 35 
the sealing device 5 against the internal surface of the 
filter element 4 even tighter. In this way an effective seat 
is maintained throughout the entire range of system 
temperatures. 

[0028] Additionally, an effective seal is maintained 40 
even after repeated temperature cycling. Having both a 
low temperature compressible seal and a high tempera- 
ture compressible seal is more reliable than conven- 
tional devices having only a high temperature seal or a 
low temperature seal. Without the use of both a tow 45 
temperature seal and a high temperature seal, after 
repeated temperature cycling, the compressit)le mate- 
rial may be over compressed and reduced reliability 
may result. By having both the low temperature seal and 
the high temperature seal, neither seal is over com- so 
pressed at any point in the tenperature cycle. The low 
temperature seat seals at low temperatures, the high 
temperature seat seals at high temperatures, and an 
effective seal is maintained by both the low and high 
tenperature seals at intermediate temperatures, result- ss 
ing in increased reliability. 

[0029] Embodiments of the present invention have the 
added advantage that the stress from thermal shock 
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and vibration is redistributed to an elongated area along 
the internal surface of the filter element 4, redudng the 
stress at the flange. As previously cited, aacking of the 
flange is a common failure of the filter elements. 
Embodiments of the present invention can extend into 
the filter element 4 a significant distance beyond the 
flange, even beyond the depth of the tube sheet In this 
manner, the stress caused by vibration and thermal 
shock is distributed over a wider area of the filter ele- 
ment. In addition, if a crack does occur at the flange, 
embodiments of the present invention may prevent any 
particulate leakage at operating temperatures since the 
hollow cylindrical section of the sealing device provides 
a seal that can extend below the flange of the filter ele- 
ment. 

[0030] A second exemplary fitter assembly embodying 
the present inv&ition is illustrated in Rgure 4. (Many of 
the components of the second embodiment are similar 
to the components of the first embodiment and are iden- 
tified by identical reference numerals.) In this embodi- 
ment, the sealing device comprises a tube sheet 3 
having a hollow cylindrical portion 37 located about an 
aperture 11 in the tube sheet 3. While the hollow cylin- 
drical portion may protrude from the lower surface of the 
tube sheet, in the illustrated embodiment ct protrudes 
from the upper surface. The hollow cylindrical portion 
may be joined to the tube sheet by various methods 
such as a welded, threaded, or press fit connection, or 
may be formed integral therewith. 
[0031 ] The filter element 4 is preferably a ceramic fit- 
ter, such as a ceramic candle filter, and it may be fabri- 
cated according to conventional techniques, such as 
molding, isostatic pressing, extrusion, or machining. 
The filter element 4 has an open end portion which 
includes a flange 12. The flange 12, in turn, may include 
an opening such as an annular groove 23 located above 
the internal cavity of the filter element 4 with the tube 
sheet facing the end portion of the flange 12. While the 
annular groove may face upwardly in the direction of the 
open end. in the illustrated embodiment it faces down- 
wardly in the direction of the closed end of the filter ele- 
ment. 

[0032] The hollow cylindrical portion 37 of the tube 
sheet engages the annular groove in the filter element 
4. A compressible sealing and/or cushioning material 1 4 
may be disposed anywhere between the tube sheet and 
the fitter element, for example, between an outer cylin- 
drical wall surface 38 of the hollow cylindrical portion 37 
and an inner facing surface 39 of the annular groove 23. 
Additionally, a compressible sealing and/or cushioning 
material may be disposed between a top wall surface 40 
of the hollow cylindrical portion 37 and a downward fac- 
ing surface of the annular groove 23. In this embodi- 
ment, the filter element 4 may be hetd-down using any 
suitable mechanism including the weight of the filter ele- 
ment. Thus, both a high tenperature and low tempera- 
ture seat may be obtained as with the first embodiment. 
Alternatively, when only a high temperature seal is 
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desired the compressible sealing and/or cushioning 
material need only be disposed about the outer cylindri- 
cal wall surface 38. 

[0033] The sealing device of this second embodiment 
does not function as a hold-down device. Consequently, 
a separate hold-down device, for example, a clamping 
mechanism such as a hold-down plate, may be coupled 
to the tube sheet for securing each filter element to the 
tube sheet and providing a preload force for urging the 
filter element toward the tube sheet as previously 
explained with regard to the first embodiment. However, 
with the hollow cylindrical portion 37 protruding 
upwardly and the annular groove 23 facing downwardly, 
the weight of the filter element 4 urges the flange 12 
toward the hollow cylindrical portion 37. If the downward 
gravitational force resulting from the weight of the filter 
element 4 substantially exceeds any upward force on 
the filter element 4 created by fluid flowing through the 
filter assembly, then the hold-down device may not be 
necessary. 

[0034] In operation, the second embodiment functions 
similarly to the operation of the first embodiment. The 
tube sheet 3 is made of a substance, e.g., a metal such 
as stainless steel, that expands at a higher rate with 
temperature than the substance, e.g., a ceramic, that 
the filter element 4 is made of. As the temperature rises, 
the circumference of the hollow cylindrical portion 37 of 
the tube sheet 3 increases at a higher rate than the cir- 
cumference of the annular groove 23 of the filter ele- 
ment 4. Thus, at elevated temperatures, the drffering 
coefficients of thermal expansion between the tube 
sheet 3 and the filter element 4 cause the compressible 
material 14 to be compressed between the outer cylin- 
drical wall surface 38 of the hollow cylindrical portion 37 
and the inner facing surface 39 of the annular groove 23 
which faces the internal passage, thereby sealing the fil- 
ter element to the tube sheet and more evenly distribut- 
ing stress along the flange of the filter element. This 
second embodiment has the further advantage that the 
hollow cylindrical portion 37 is not disposed directly in 
the fluid flow path and, therefore, is less susceptible to 
corrosion and can be easily cooled using the same sys- 
tem which is utilized to cool the tube sheet 3. 
[0035] A third embodiment of the invention is illus- 
trated in Rgure 5. (Many of the components of the third 
emljodiment are similar to the components of the first 
embodiments and are identified by identical reference 
numerals.) In this embodiment, the sealing device also 
comprises a tube sheet 3 having a hollow cylindrical 
portion 37 disposed about an aperture 11 in the tube 
sheet 3. The hollow cylindrical portion 37 defines an 
Internal passage 1 9 which is coupled to the aperture 1 1 . 
The internal passage 19 may include a means for 
increasing back flow efficiency as discussed with 
respect to the first embodiment The tube sheet 3 and 
the hollow cylindrical section 36 may be integrally 
formed by, for example, machining, forming, stamping, 
or casting. If the tube sheet 3 and hollow cylindrical sec- 


tion 36 are made from two or more separate elements, 
they may be coupled by various methods such as a 
welded, threaded, latched, locked, or press fit connec- 
tion. 

5 [0036] The filter element 4 has an open end which 
includes a flange 12. The hollow cylindrical portion 37 is 
capable of being fitted within and extending for some 
distance into the open end of the filter element 4 with 
the tube sheet 3 facing the end portion of the filter ele- 
10 ment 4. The compressible material 1 4 may be disposed 
anywhere between the tube sheet 3 and the filter ele- 
ment 4, for example, between the inner facing surface of 
the filter element 4 and an outer cylindrical wall surface 
38 of the hollow cylindrical section 37. 
IS [0037] In this entbodiment, the filter elements 4 may 
be arranged so that the open end of each filter element 
4 is abutting the lower surface of the tube sheet 3. Con- 
sequently, it is not necessary to insert the filter elements 
4 through the apertures 1 1 in the tube sheet 3; the filter 
20 elements may simply be fitted to the hollow cylindrical 
portions 37 from the underside of the tube sheet. To 
secure the filter elements to the tube sheet, a support 
plate 26 may be coupled to the tube sheet 3 and/or a 
support grid 22 may be coupled to the pressure tank 2 
25 at the closed ends 27 of the filter elements 4. The sup- 
port plate 26 and support grid 22 may be respectively 
coupled to the tube sheet 3 or bottom surface of the 
pressure tank 2 by various methods such as a welded, 
threaded, latched, locked, press fit. or pin-in-hole con- 
so nectlon. A compressible sealing and/or cushioning 
material 14 may be located between the flange 12 of the 
filter element 4 and the support plate 26 to evenly dis- 
tribute the load and reduce stress on the f fange and/or 
between the closed end 27 of the filter element support 
35 grid 22 to evenly distribute the weight of the filter ele- 
ment 4. The support plate 26 or support grid 22 may be 
configured to provide a preload force on the compressi- 
ble material as previously explained with regard to the 
first embodiment. 
40 [0038] In operation, the third embodiment functions 
similarly to the first and second embodiments. The tube 
sheet 3 is made of a substance, e.g., a metal such as 
stainless steel, that expands at a higher rate with tem- 
perature than the substance, e.g.. a ceramic, that the fil- 
45 ter element 4 is made of. As the temperature rises, the 
circumference of the hollow cylindrical section 37 
increases at a higher rate than the circumference of the 
internal surface of the filter element 4. Thus, at elevated 
temperatures, differing coefficients of thermal expan- 
se sion between the tube sheet 3 and the filter element 4 
cause the compressible material 14 to be compressed 
between the outer cylindrical wall surface 38 of the hol- 
low cylindrical section 37 and the inner facing surface of 
the filter element 4. This seals the filter element to the 
55 tube sheet and evenly distributes stress along the filter 
element This third embodiment has the further advan- 
tage that the hollow cylindrical sectipn 37 can be easily 
cooled using the same system which cools the tube 
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sheet 3. 

[0039] While several exemplary fitter assemblies 
embodying the present invention have been shown, it 
will be understood, of course, that the invention is not 
limited to these embodiments. Modification may be s 
made by those skilled in the art. particularly in light of 
the foregoing teachings. For example, the sealing 
device may be configured in a mirror image in which a 
hollow cylindrical section may be coupled to both planar 
surfaces of the disc section or tube sheet. In this man- w 
ner. the mirror Image configuration may be utilized to 
connect two filter elements in a serial or parallel 
arrangement. Further, although a cylindrical shape is 
preferred, the filter elements and sealing devices illus- 
trated herein are not limited to a cylindrical shape. 75 

Claims 

1. A filter assembly conprising a sealing device (5, 

37) having first and second surfaces, a compressi- 20 
ble material (14) and a filter element (4). the filter 
element having a coefficient of thermal expansion 
lower than the coefficient of thermal expansion of 
the sealing device, characterized in that a first sur- 
face of the filter element (4), having the lower coef- 25 
ficient of thermal expansion, sun-ounds the first 
surface of the sealing device (5. 37) with the com- 
pressible material (14) disposed therebetween and 
a secorKi surface of the filter element (4) faces the 
second surface of the sealing device (5, 37) with the 30 
compressible material (14) disposed therebetween, 
the compressible material being compressed 
between the second surfaces at a first predeter- 
mined temperature, and the differing coefficients of 
thermal expansion combining with an increase in 3S 
temperature of the filter assembly to a second pre- 
determined temperature, higher than the first pre- 
determined temperature, to compress the 
compressible material between the first surfaces, 
for forming a seal at both the first and second pre- 4o 
determined temperatures. 

2. The filter asseml>ly as claimed in claim 1 including 
a tank (2), an element (3) disposed within the tank 

(2) for dividing the tank between an inlet portion (6) 45 
and an outlet portion (7), wherein the sealing 
device (5) Is coupled to the element (3). 

3. The filter assembly as claimed in any preceding 
claim wherein the sealing device (5) has a first sec- so 
tlon (16) having a cylinder-shaped configuration 
and a second section (15) having a disk-shaped 
configuration coaxlally mounted to the first section, 

an outer diameter of the first section (16) being less 
than the outer diameter of the second section (15). ss 

4. The filter assembly as claimed in any preceding 
claim wherein the sealing device (5) has an internal 



passage (19) defining a fluid flow path. 

5. The filter assembly as claimed in claim 4 wherein 
the internal passage (19) includes means (17) for 
defining a venturi, nozzle, or jet. 

6. The filter assembly device as claimed in any pre- 
ceding claim wherein the sealing device (5. 37) is 
disposed within an internal cavity within the filter 
element (4). 

7. The filter assembly as claimed in claim 1 wherein 
the sealing device Includes a tube sheet (3), the fil- 
ter element (4) being disposed in an aperture In the 
tube sheet (3). 

8. The filter assembly as claimed in claim 1 wherein 
the sealing device (37) is disposed within an annu- 
lar groove (23) within the filter element (4). 

9. The filter assembly of claim 8 wherein the filter ele- 
ment (4) includes a porous ceramic tube having an 
open end and a flange including the annular groove 
(23). the sealing device including an annular metal 
portion (37) disposed within the annular groove 
(23). 

10. The filter assembly of claim 9 wherein the com- 
pressible material (14) is disposed between the 
annular sealing device (37) and the flange (23) 
within the annular groove for sealing the flange to 
the annular metal sealing device. 

11. Ttie filter assembly of claim 9 or 10 wherein the 
oonpressible material (14) is disposed between an 
outer peripheral s'de wall of the annular sealing 
device (37) and an inner peripheral side wall of the 
annular groove (23) for compressing the conrpress- 
ibie material at elevated temperatures. 

12. The filter assembly as claimed in any preceding 
daim wherein the sealing device (5. 37) comprises 
a metal and the filter element (4) comprises a 
ceramic. 

13. The filter assembly as claimed In any preceding 
daim wherein the first and second surfaces are 
substantially orthogonal. 

14. The filter assemt>ly as claimed in any preceding 
daim wherein the compressible material comprises 
ceramic fibers. 

15. The filter assembly as daimed in any preceding 
daim wherein the compressible material (14) being 
compressed between the second surfaces has a 
first compressive force at the first predetermined 
temperature and a second compressive force, less 
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than the first compressive force, at the second pre- 
determined temperature. 

16. The filter assembly as claimed in any preceding 
claim wherein the filter element (4) has a closed 
end, an open end, and defines an internal cavity 
therebetween. 

Patentanspruche 

1. Filteranordnung mit einer Dichtungsvorrichtung (5. 
37) mit ersten und zweiten OberflAchen. einem 
kompressiWen Material (14) und einem Filterele- 
ment (4). wobei das Filterelement einen thermi- 
schen Ausdehnungskoeffizienten aufwelst. der 
geringer ist als der thermische Ausdehnungskoeffi- 
zient der Dichtungsvorrichtung. dadurch gekenn- 
zeichnet, daR eine erste Oberfiache des 
Filterelements (4). welches den niedrigeren thermi- 
schen Ausdehnungskoeffizienten aufweist. die 
erste Oberfiache der Dichtungsvorrichtung (5. 37) 
mit dem kompressiblen Material (14) dazwischen 
angeordnet umgibt. und daB eine zweite Oberfia- 
che des Filterelements (4) der zweiten Oberf lache 
der Dtohtungsvorrichtung (5, 37) mit dem kompres- 
siblen Material (14) dazwischen angeordnet zuge- 
wandt ist, wobei das kompressible Material 
zwischen den zweiten Oberf lachen bei einer ersten 
vorgegebenen Temperatur zusammengepreSt 
wird. und wobei die unterschiedlichen thermlschen 
Ausdehnungskoeffizienten mit dem Ansteigen der 
Temperatur der RIteranordnung auf eine zweite 
vorgegebene Temperatur. welche h6her ist als die 
erste vorgegebene Temperatur, kombiniert das 
kompressible Material zwischen den ersten Ober- 
flachen zusammenpressen. um eine Abdichtung 
bei der ersten als auch bei der zweiten vorgegebe- 
nen Temperatur zu bilden. 

2. Filteranordnung nach Anspruch 1. welche einen 
Tank (2). ein in dem Tank (2) angeordnetes Ele- 
ment (3) umfaBt, um den Tank (2) zwischen einem 
EinlaBteil (6) und einem AuslaBteil (7) zu teilen, 
wobei die Dichtungsvorrichtung (5) mit dem Ele- 
ment (3) gekoppelt Ist. 

3. Filteranordnung nach einem der voranstehenden 
Anspruche, worin die Dichtungsvonichtung (5) 
einen ersten Abschnitt (16) mit einer zylinderfOrmi- 
gen Kbnfiguration aufweist und worin ein zweiter 
Abschnitt (15) eine scheibenfOrmige Konfiguration 
aufweist. welche an dem ersten Abschnitt montiert 
ist. wobei ein duBerer Durchmesser des ersten 
Abschnitts (16) geringer ist als der auSere Durch- 
messer des zweiten Abschnitts (15). 

4. Filteranordnung nach einem der voranstehenden 
AnsprQche. worin die Dichtungsvorrichtung (5) 
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einen inneren DurchlaB (19) aufweist. der einen 
RuidflieBweg definiert. 

RIteranordnung nach Anspruch 4, worin der innere 
DurchlaB (19) Mittel (17) umfaBt. um eine Venturi- 
DOse, eine Duse oder ein Strahlrohr zu bilden. 

RIteranordnung nach einem der voranstehenden 
Anspruche. worin die Dichtungsvorrichtung (5. 37) 
innerhalb eines inneren Hohlraumes in dem Filter- 
element (4) angeordnet ist. 

RIteranordnung nach Anspruch 1. worin die Dich- 
tungsvorrichtung eine Rohrplatte (3) umfaBt, wobei 
das Filterelement (4) in einer Offnung der Rohr- 
platte (3) angeordnet ist. 

RIteranordnung nach Anspruch 1, worin die Dich- 
tungsvorrichtung (37) innerhalb einer ringfOrmigen 
Nut (23) in dem Filterelement (4) angeordnet ist. 

RIteranordnung nach Anspruch 8, worin das Filter- 
element (4) eine porOse keramische ROhre mit 
einem offenen Ende und einem Flansch umfaBt. 
welcher die ringfflrmige Nut (23) enthait. wobei die 
Dichtungsvorrichtung einen ringfdrmigen metalli- 
schen Teil (37) innertialb der ringfOrmigen Nut (23) 
angeordnet enthdit. 


30 10. RIteranordnung nach Anspruch 9. worin das kom- 
pressible Material (14) zwischen der ringfOrmigen 
Dichtungsvorrichtung (37) und dem Ransch (23) 
innerhalb der Ringnut zum Dichten des Flansches 
gegenQber der ringfOrmigen metallischen Dich- 
tungsvorrichtung angeordnet ist. 


IS 
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11. RIteranordnung nach Anspruch 9 Oder 10. worin 
das kompressible Material (14) zwischen einer 
auBeren Umfangsseitenwandung der ringfOrmigen 
Dichtungsvorrichtung (37) und einer inneren 
Umfangsseitenwandung der Ringnut (23) angeord- 
net ist. um das kompressible Material bei eriiOhten 
Temperaturen zusammenzupressen. 

12. RIteranordnung nach einem der voranstehenden 
Anspruche, worin die Dichtungsvorrichtung (5, 37) 
ein Metall umfaBt und das Filterelement (4) ein 
Keramikmateriai umfaBt. 

13. RIteranordnung nach einem der voranstehenden 
Anspruche. worin die ersten und zweiten Oberfia- 
chen im wesentlichen orthogonal sind. 

14. RIteranordnung nach einem der voranstehenden 
Anspruche. worin das kompressible Material Kera- 
mikfasern umfaBt. 

15. RIteranordnung nach einem der voranstehenden 
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AnsprOche. worin das kompressibte Material (14). 
welches zwischen den zwelten Oberfldchen 
zusammengepreBt wird. eine erste Kompressions- 
kraft bei einer ersten vorgegebenen Temperatur 
aufweist und eine zweite Kbnipressionskraft. die 5 
geringer ist als die erste Kompresslonskraft. bei 
einer zweiten vorgegebenen Temperatur aufweist. 


33 B1 

tif d'^tanch^it^ (5) poss^e un passage interne (1 9) 
d^limitant un trajet de circulation de fluide. 

5. Ensemble de filtre selon la revendication 4, dans 
lequel le passage interne (19) connporte un disposi- 
tff (17) destine k delimiter un venturi, une buse ou 
un ^jecteur. 


16. Filteranordnung nach einem der voranstehenden 
AnsprOche, worin das Filterelement (4) ein 
geschlossenes Ende. eih offenes Ende aufweist 
und dazwischen einen inneren Hohlraum bildet 

Revendications 

1 . Ensemble de filtre comprenant un dispositif d'^tan- 
ch6lt6 (5. 37) ayant une premiere et une seconde 
surface, un mat6riau compressible (14), et un 61§- 
ment de filtre (4). r616ment de filtre ayant un coeffi- 
cient de dilatation thermique inf6rieur k celui du 
dispositif d'^tanch^it^. caract^ris^ en ce qu'une 
premiere surface de I'^l^ment de filtre (4), ayant un 
coefficient de dilatation thermique relativement fai- 
ble, entoure la premiere surface du dispositif 
d'6tanch6it6 (5, 37) du mat6riau compressible (14) 
plac6 entre eux. et une seconde surface de 1*616- 
ment de filtre (4) est tourn^e vers la seconde sur- 
face du dispositif d'6tanch6it6 (5. 37) avec 
disposition du mat^riau compressible (14) entre 
elles, le nnat^riau compressible 6tant comprim6 
entre les secondes surfaces k une premiere tempe- 
rature pr6d6termin6e. et les coefficients diff^rents 
de dilatation thermique se combinent k Taugmenta- 
tion de temperature de Tensemble de filtre k une 
seconde temperature predeterminee sup^rieure k 
la premiere temperature predetermlnee pour corn- 
primer le materiau compressible entre les premie- 
res surfaces et pour former un joint d'6tanch6it6 k la 
fois aux premiere et seconde temperatures prede- 
terminees. 

2. Ensemble de filtre selon la revendication 1 , com- 
prenant une cuve (2), un 6l6ment (3) place dans la 
cuve (2) et destine k diviser la cuve en une partie 
d'entree (6) et une partie de sortie (7). le dispositif 
(5) d'etancheite etant couple k reiement (3). 

3. Ensemble de filtre selon Tune des revendications 
precedentes. dans lequel le dispositif d'etancheite 
(5) possede un premier trongon (1 6) ayant une con- 
figuration de forme cylindrique et un second tron- 
con (15) ayant une configuration de disque, monte 
coaxialement au premier trongon, le diametre 
externe du premier trongon (16) etant inferieur au 
diametre externe du second trongon (15). 

4. Ensemble de filtre selon t'une quelconque des 
revendications precedentes, dans lequel le disposi- 


6. Ensemble de filtre selon I'une quelconque des 
10 revendications precedentes. dans lequel le disposi- 
tif d'etancheite (5, 37) est place dans une cavite 
interne de reiement de filtre (4). 

7. Ensemble de filtre selon la revendication 1. dans 
IS lequel le dispositif d'etancheite comporte une feuille 

k tubes (3). reiement de filtre (4) etant place dans 
un orifice fbniie dans la feuille k tubes (3). 

8. Ensemble de filtre selon la revendication 1, dans 
20 lequel le dispositif d'etancheite (37) est dispose 

dans une gorge annulaire (23) k I'interieur de reie- 
ment de filtre (4). 

9. Ensemble de filtre selon la revendication 8, dans 
25 lequel reiement de filtre (4) comporte un tube cera- 

mique poreux ayant une extremite ouverte et une 
bride ayant la gorge annulaire (23). le dispositif 
d'etancheite comprenant une partie metallique 
annulaire (37) disposee dans la gorge annulaire 
30 (23). 

10. Ensemble de filtre selon la revendication 9, dans 
lequel le materiau compressible (14) est dispose 
entre le dispositif annulaire d'etancheite (37) et la 

35 bride (23) dans la gorge annulaire pour assurer 
retancheite de la bride contre le dispositif metalli- 
que annulaire d'etancheite. 

11. Ensemble de filtre selon la revendication 9 ou 10, 
40 dans lequel le materiau compressible (14) est dis- 
pose entre une paroi laterale peripherique externe 
du dispositif annulaire d'etancheite (37) et une 
paroi laterale peripherique interne de la gorge 
annulaire (23) afin que le materiau compressible 

45 soit comprime aux tenperatures eievees. 

12. Ensemble de filtre selon I'une quelconque des 
revendications precedentes. dans lequel le disposi- 
tif d'etancheite (5, 37) comporte un metal et reie- 

50 ment de filtre (4) comporte une ceramique. 

13. Ensemble de filtre selon I'une quelconque des 
revendications precedentes, dans lequel la pre- 
miere et la seconde surface sont pratiquement 

55 orthogonales. 

14. Ensemble de filtre selon I'une quelconque des 
revendications precedentes. dans lequel le mate- 
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riau compressible comprend des fbres c^rami- 
ques. 

15. Ensemble de filtre selon Tune quelconque des 
revendications pr6c6dentes, dans lequel le mat6- 5 
riau compressible (14) qui est comprim6 entre les 
secondes surlaces a une premiere force de com- 
pression ^ la premiere temperature pr6d6termin6e 

et une seconde force de compression, inf^rieure k 
la premiere, k la seconde temp6rature pr6d6termi- io 
n^e. 

16. Ensemble de filtre selon Tune quelconque des 
revendications pr6c6dentes. dans lequel r6l6ment 

de filtre (4) a une extr6mit6 ferm6e, une extr6mlt6 is 
ouverte. et d6limite entre elles une cavlt6 interne. 
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